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Abstract
One loop corrections to the coupling of the reggeized gluon to quarks are
calculated in QCD. Combining this result with the known corrections to the
gluon-gluon-reggeon vertex, we check the self-consistency of the representa-
tion of the amplitudes with gluon quantum numbers and negative signature
in the t- channel in terms of Regge pole contribution.
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1. Introduction
Since a long time it has been found [1] that, in the leading logarithmic approxi-
mation (LLA) for the Regge region, the total cross section σLLAtot in the non-Abelian
SU(N) gauge theories grows at large c.m.s. energies
√
s:
σLLAtot ∼
sω0√
ln s
, (1)
where
ω0 =
g2
pi2
N ln 2 . (2)
Therefore the Froissart bound σtot < c ln
2 s is violated in the LLA. The reason for
this is the violation of the s-channel unitarity constraints for scattering amplitudes
in the LLA.
The behaviour (1) of the total cross section is determined by the position of
the most right singularity in the complex momentum plane in the solution of the
integral equation for t-channel partial waves with vacuum quantum numbers [1]. In
order to find out the region in which the LLA can be applied, radiative corrections
to the equation’s kernel must be calculated. The calculation of these corrections
was started by L.N. Lipatov and one of the authors (V.F.) in ref. [2], where the
calculation program was presented. The program makes a strong use of the gluon
reggeization proven in LLA [1]. As a necessary step in this program one needs to
calculate one loop corrections to the particle-particle-reggeon (PPR) vertices. Here,
the reggeon is the reggeized gluon and its trajectory in the LLA is given by
j(t) = 1 + ω(t) ,
ω(t) =
g2t
16pi3
N
∫
d2k
k¯2(q¯ − k¯)2 , t = −q¯
2 . (3)
The infrared divergence in the gluon trajectory (3) is cancelled by the divergences
in real gluon emission, so that the integral equation for the t-channel partial waves
with vacuum quantum numbers [1] is free of singularities. In order to remove the
infrared divergences at intermediate steps we use the dimensional regularization of
Feynman integrals:
d2k
(2pi)2
→ d
2+εk
(2pi)2+ε
, ε = D − 4 , (4)
1
where D is the space-time dimension (D = 4 for the physical case).
Then we get
ω(t) = g2N
2
(4pi)
D
2
(−t)D2 −2
Γ
(
2− D
2
)
Γ2
(
D
2
− 1
)
Γ(D − 3) . (5)
In the case of pure gluodynamics one loop corrections to the gluon-gluon-reggeon
(GGR), as well as to the reggeon-reggeon-gluon (RRG) vertices were calculated by
L.N. Lipatov and one of the authors (V.F.) [3, 4].
In the case of real QCD there is a quark contribution to the vertices; the quark
loop contribution to the GGR vertex was calculated in ref. [5]. Besides that, in the
real QCD an extra (compared to the pure gluodynamics case) vertex appears: the
quark-quark-reggeon (QQR) vertex. The existence of this vertex allows us to check
the validity of the assumption that the high energy behaviour of amplitudes with
gluon quantum numbers in the t-channel and negative signature is governed by the
Regge pole contribution not only in the LLA, but beyond it as well. According
to this assumption the amplitude AA′B′AB of a process A + B → A′ + B′ takes the
following factorized form:
P−8 AA
′B′
AB = Γ
i
A′A
s
t
[
(
s
−t)
ω(t) + (
−s
−t )
ω(t)
]
ΓiB′B . (6)
Here P−8 is the projection operator into the octet colour state with negative signa-
ture, i is the colour index of the reggeized gluon with the trajectory j(t) = 1+ω(t),
given by eq.(3) in the lowest order of the perturbation theory. For the PPR vertex
ΓiA′A in the helicity basis we get in the lowest order
ΓiA′A = g〈A′|T i|A〉δλA,λA′ , (7)
where 〈A′|T i|A〉 represents the matrix element of the group generator in the corre-
sponding representation (i.e. fundamental for quarks, Ti = ti =
λi
2
and adjoint for
gluons, (Ti)ab = −ifiab) and λA is the helicity of particle A. We assume that the
polarization states of the scattered particles are obtained from those of the initial
particles by rotation around the axis orthogonal to the scattering plane. From eq.(6)
we may observe that the behaviour of the three types of amplitudes (gluon-gluon,
quark-quark and quark-gluon elastic scattering amplitudes) is determined by two
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vertices, GGR and QQR; therefore, one of the amplitudes can be expressed in terms
of the others, thus giving a non trivial test of the validity of representation (6).
Contrary to eq.(7), in higher orders the PPR vertex Γ can contain another spin
structure. Due to parity conservation it can be written in the following form:
ΓcA′A = g〈A′|T i|A〉
[
δλA,λA′ (1 + Γ
(+)
AA) + δλA,−λA′Γ
(−)
AA
]
, (8)
if relative phases of states with opposite helicity are chosen appropriately (see
ref.s [4, 5] for gluons and eq.(36) below for quarks). Here Γ(+) and Γ(−) respec-
tively stand for helicity conserving and non conserving loop contributions to the
vertex.
One loop corrections to GGR vertex were calculated in ref.s [3-5]. The contri-
bution of the gluon loop can be written in the form (8) with
Γ
(+)
GG(gluon loop) = Ng
2 (−t)
D
2
−2
(4pi)
D
2
Γ
(
2− D
2
)
Γ2
(
D
2
− 1
)
Γ(D − 2)
×
{
(D − 3)
[
ψ
(
3− D
2
)
− 2ψ
(
D
2
− 2
)
+ ψ(1)
]
− 7
4
− 1
4(D − 1)
}
, (9)
Γ
(−)
GG(gluon loop) = Ng
2 (−t)
D
2
−2
(4pi)
D
2
Γ
(
3− D
2
)
Γ2
(
D
2
− 1
)
(D − 1)Γ(D − 2) , (10)
where ψ is the logarithmic derivative of the gamma function:
ψ(z) =
Γ′(z)
Γ(z)
. (11)
For the quark loop contribution we have in turn [5]
Γ
(+
−
)
GG (quark loop) =
2g2
(4pi)
D
2
∑
f
V
(f)
+
−
, (12)
where
V
(f)
+ = −Γ
(
2− D
2
)
∫ 1
0
dxx(1− x)(
m2f − tx(1 − x)
)2−D
2
+
∫ 1
0
∫ 1
0
dx1dx2θ(1− x1 − x2)(
m2f − tx1x2
)2−D
2
(
(3−D)
2
(2− x1 − x2)
3
+(2− D
2
)
x1x2(1− x1 − x2)t(
m2f − tx1x2
)



 , (13)
and
V
(f)
− = Γ
(
3− D
2
)
t
∫ 1
0
∫ 1
0
dx1dx2θ(1− x1 − x2)x1x2(1− x1 − x2)(
m2f − tx1x2
)3−D
2
. (14)
For massless quarks the two vertices become respectively [5]
Γ
(+)
GG(quark loop) =
2g2nf
(4pi)
D
2
(−t)D2 −2
Γ
(
2− D
2
)
Γ2
(
D
2
)
Γ(D)
, (15)
Γ
(−)
GG(quark loop) = −
2g2nf
(4pi)
D
2
(−t)D2 −2
Γ
(
3− D
2
)
Γ2
(
D
2
− 1
)
Γ(D)
. (16)
In this paper we calculate the QQR vertex in the one loop approximation and
check the validity of describing amplitudes in terms of the Regge pole contribution,
i.e. representation (6). In section 2 we find the QQR vertex by calculating the
quark-quark scattering amplitude. Combining the result obtained with the one
for the GGR vertex, eq.s (8)-(14), and Regge trajectory (5), we get with the help
of eq.(6) a prediction for the quark-gluon scattering amplitude. In section 3 we
perform an independent calculation of this amplitude and check the consistency
of the approach comparing the result we arrive at with the predicted one. Some
conclusions are illustrated in section 4.
2. Quark-Quark-Reggeon vertex
We will extract radiative corrections to the QQR vertex from the amplitude of
quark-quark elastic scattering. The calculation can be carried out through usual
methods starting from the Feynman diagrams for the quark-quark scattering. How-
ever, for our purposes it is more convenient to use the method based on the t-channel
unitarity relation. This method was used in ref.s [3-5] to calculate analogous cor-
rections to the GGR vertex. Here its application allows us to demonstrate the
factorization property of scattering amplitudes in the most economic way.
From the t-channel unitarity point of view, it is natural to decompose an am-
plitude according to intermediate states in the t-channel. In one loop approxima-
tion we need to consider two particle intermediate state in the t-channel. We will
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schematically represent in Fig. 1 the amplitude of the elastic scattering process
A(pA) + B(pB) → A′(pA′) + B′(pB′) with two particle intermediate state in the
t-channel and will use the following notations:
s = (pA + pB)
2
, u = (pA − pB′)2, q = pA − pA′ = pB′ − pB = pC′ − pC , t = q2,
sA = (pA + pC)
2
, uA = (pA − pC′)2, sB = (pB + pC′)2, uB = (pB − pC)2 , (17)
pC and pC′ being the momenta of the two intermediate particles.
Instead of calculating the t-channel discontinuities using 2piδ(p2−m2) for inter-
mediate particle line, we will calculate the contribution of diagram in Fig. 1 using
full Feynman propagators for intermediate particles [3, 5]:
AA′B′AB =
∑
C,C′
ηCC′
∫
dDpCd
DpC′δ
(D)(pC + q − pC′)AA′C′AC AB′CBC′
(2pi)Di (pC2 −mC2 + iε) (pC′2 −mC2 + iε) . (18)
Here, the sum runs over kinds of intermediate particles, their polarization, colour
and flavour states. As already mentioned in the introduction, the space-time di-
mension D is not equal to 4, so that we can use the dimensional regularization for
removing both infrared and ultraviolet divergences [4]. The numerical coefficient
ηCC′ depends on the kind of intermediate state in the t-channel, which can be a
gluon-gluon or quark-antiquark state: in the first case ηGG =
1
2
because of identity
of gluons, while in the second one ηQQ¯ = −1 because of Fermi statistics. An arbi-
trary polynomial in t could be added to the result of integration in eq.(18), because
it does not change the t-channel discontinuity, but such terms would have a wrong
asymptotic behaviour incompatible with the renormalizability of the theory (cf.
[1, 4]). Nevertheless, for massive quarks, some uncertainty still remains. We can
add to the r.h.s. of eq.(18) terms with the pole structure in t. In the case of pure
gluodynamics such terms were absent in our regularization scheme because of lack
of appropriate values with mass dimensions . Evidently, these terms are connected
with renormalization and will be considered at the end of this section.
2.1 Contribution of the quark-antiquark intermediate state
Let us first consider the simpler case of the quark-antiquark pair in the t- chan-
nel. In this case the amplitudes AA′C′AC and AB′CBC′ in eq.(18) are the quark-quark
scattering amplitudes taken in Born approximation. For such amplitudes we get
AA′B′AB = 〈A′|tc|A〉〈B′|tc|B〉(
g2
t
)u¯(pA′)γ
µu(pA)u¯(pB′)γµu(pB)
5
− δAB〈B′|tc|A〉〈A′|tc|B〉(g
2
u
)u¯(pB′)γ
µu(pA)u¯(pA′)γµu(pB) , (19)
where the second term contributes only for scattering of identical particles.
We are interested in the radiative correction to the QQR-vertex when the
reggeon is a reggeized gluon, therefore one needs to project the amplitude (19) into
the octet colour state. Firstly we use the completeness relation for the generators
of the fundamental representation of SU(N):
tcαβt
c
γδ +
1
2N
δαβδγδ =
1
2
δαδδβγ , (20)
and obtain
tcαβt
c
γδ = −
1
N
tcαδt
c
γβ +
N2 − 1
2N2
δαδδβγ . (21)
Successively, introducing the definition
P−8 AA
′B′
AB = 〈A′|T c|A〉〈B′|T c|B〉 (A8)A
′B′
AB (22)
which will be used in the following, and using the result (21) we have
(A8)A
′B′
AB = u¯(pA′)γ
µu(pA)(
g2
t
)u¯(pB′)γµu(pB)
+
δAB
N
u¯(pB′)γ
µu(pA)(
g2
u
)u¯(pA′)γµu(pB) . (23)
In order to apply the dispersion approach, it is convenient [4, 5] to decompose the
amplitudes AA′C′AC and AB′CBC′ entering eq.(18) into the sum of two terms which are
schematically shown in Fig. 2:
AA′C′AC = AA
′C′
AC (as) +AA
′C′
AC (na) , (24)
and analogous expression for AB′CBC′. The first term in the r.h.s. of eq.(24) contains
the asymptotic contribution for the Regge kinematics, sA ≃ −uA ≫ t, while the
nonasymptotic part contains the remaining amplitude terms. When performing
the decomposition (24) in the r.h.s. of (18), we are left with four contributions to
AA′B′AB , corresponding to the diagrams in Fig. 3. Only the first three of them are
important, instead the contribution of diagram in Fig. 3(d) can be disregarded. In
fact, the essential values of variables sA and sB are small (sA ∼ sB ∼ t) for the
contribution of this diagram. Consequently, only transverse (with respect to the
6
(pA, pB) plane) components of momenta pC and pC′ can be taken in the propagators
of intermediate particles, which means that integrals over sA and sB are factorized
and can be evaluated by residues; as a result, the contribution of diagram in Fig.
3(d) is purely imaginary in the Regge region and corresponds to positive signature
partial waves [4]. Here we are interested in the radiative corrections to the QQR for
the reggeized gluons, i.e. for the case of negative signature, therefore only diagrams
in Fig.s 3(a, b, c) can contribute.
The asymptotic contributions take the following form:
(
A8(as)
)A′C′
AC
=
(2g2)
t
u¯(pA′)
6pB
s
u(pA)u¯(pC′) 6pAu(pC) (25)
and (
A8(as)
)C′B
CB′
=
(2g2)
t
u¯(pC) 6pBu(pC′)u¯(pB′)
6pA
s
u(pB) . (26)
We always take a very large value for s (in contrast to sA and sB, which are integra-
tion variables and can be small as well as large), therefore we have, in the helicity
basis,
u¯(pA′)
6pB
s
u(pA) = δλA,λA′ ,
u¯(pB′)
6pA
s
u(pB) = δλB ,λB′ , (27)
where λA is the helicity of particle A. It is assumed that the polarization states of
the scattered particles are obtained from the ones of the initial particles by rotation
around the axis orthogonal to the scattering plane. That implies
ϕ′λ = exp
(
iν¯ · σ¯ θ
2
)
ϕλ , ν¯ =
p¯′ × p¯
|p¯′ × p¯| , (28)
where ϕ and ϕ′ are respectively the polarization wave functions for initial and
scattered particles and θ is the scattering angle.
Let us note that if we write the asymptotic contribution
(
A8(as)
)A′C′
AC
(see eq.(25))
in the helicity basis for particles A and A’ using the first of eq.s (27), we arrive at
the same expression as for the process in which A and A’ are gluons [5].
Taking into account asymptotic parts (25) and (26) and decomposition (24),
from eq.(23) we obtain the following projections for the nonasymptotic parts into
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the octet colour state:
(
A8(na)
)A′C′
AC
= g2
[
u¯(pA′)γ
µu(pA)
g
µν
⊥
t
u¯(pC′)γνu(pC)
+
δAC
N
u¯(pC′)γ
µu(pA)
1
uA
u¯(pA′)γµu(pC)
]
, (29)
(
A8(na)
)CB′
C′B
= g2
[
u¯(pC)γ
µu(p′C)
g
µν
⊥
t
u¯(pB′)γνu(pB)
+
δCB
N
u¯(pB′)γ
µu(p′C)
1
uB
u¯(pC)γµu(pB)
]
, (30)
where the decomposition
gµν ≃ gµν⊥ +
2 (pµAp
ν
B + p
µ
Bp
ν
A)
s
(31)
has been used and ⊥ means transverse to the (pA, pB) plane. We neglect terms
containing u¯(pA′) 6pAu(pA) or u¯(pB′) 6pBu(pB) because they are proportional to the
corresponding masses and therefore cannot give a contribution of order s/t to am-
plitude (18).
Inserting eq.s (25) and (26) into eq.(18) we get for the contribution of diagram
in Fig. 3(a) (cf. eq.s (20)- (22) of [5])
(
A8(a)
)A′B′
AB
= δλA,λA′δλB ,λB′
(
2g2
t
)2
p
µ
Ap
ν
B
∑
f
P(f)µν (q) , (32)
where summation is performed over quark flavours and
P(f)µν (q) =
i
2
∫
dDp
(2pi)D
tr [γµ( 6p+mf)γν( 6p+ 6q +mf )]
(p2 −m2f + iε)((p+ q)2 −m2f + iε)
=
=
4Γ
(
2− D
2
)
(4pi)
D
2
(−gµνq2 + qµqν)
∫ 1
0
dxx(1− x)(
m2f − q2x(1− x)
)2−D
2
. (33)
Here, the calculations practically coincide with those of ref.[5] because, as we pre-
viously noted, the asymptotic contribution
(
A8(as)
)A′C′
AC
(and
(
A8(as)
)B′C
BC′
as well)
in the helicity basis for particles A and A′ (correspondingly B and B′) coincides
with that of the case considered in ref. [5], where particles A and A′ (B and B′) are
gluons.
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The contribution of diagram in Fig. 3(b) is expressed by the product
(
A(as)
)A′C′
AC
×(
A(na)
)CB′
C′B
. Using eq.s (25) and (30) and keeping only terms of order s we find
(
A8(b)
)A′B′
AB
= δλA,λA′
g4s
Nt
p
µ
A
s
u¯(pB′)Vµ(pB, q)u(pB) , (34)
where
Vµ(pB, q) = i
∫
dDp
(2pi)D
γν( 6p+ 6q +mB)γµ( 6p+mB)γν
(p2 −m2B + iε)((p+ q)2 −m2B + iε)((pB − p)2 + iε)
. (35)
The integrals appearing in eq.(35) are calculated in Appendix. Let us accept that,
by definition, states with opposite helicity are connected by relation
ϕ−λ = ν¯ · σ¯ϕλ , ν¯ = p¯
′ × p¯
|p¯′ × p¯| , (36)
which, in the helicity basis, leads to
u¯(pA′)u(pA) = 2mAδλA,λA′ − i
√−tδλA,−λA′ . (37)
With such a definition we obtain
p
µ
A
s
u¯(pB′)Vµ(pB, q)u(pB) =
Γ
(
3− D
2
)
(4pi)
D
2
∫ 1
0
dx
(m2B − x(1− x)t)3−
D
2
{
2δλB ,λB′
4−D
[
t
(
1
D − 3
+(D − 3)x(1− x))− D − 1
D − 3m
2
B
]
− iδλB ,−λB′
5−D
D − 3mB
√−t
}
. (38)
Let us pay attention to the fact that the contribution given by eq.s (34) and (36)
does not depend on the nature of particle A.
Finally the contribution
(
A8(c)
)A′B′
AB
of the diagram in Fig. 3(c) can be obtained
from eq.s (34) and (38) by the substitution A ↔ B. Summing up the three con-
tributions and comparing the sum A(a) +A(b) +A(c) with the factorized form (6),
where the vertices are defined through eq.(8), we find
Γ
(+)
QQ(qq¯ state) =
g2
(4pi)
D
2
Γ
(
2− D
2
)
− 2
∑
f
∫ 1
0
dxx(1 − x)
(m2f − x(1 − x)t)2−
D
2
9
+
1
2N
∫ 1
0
dx(
m2Q − x(1− x)t
)3−D
2
[
t
(
1
D − 3 + (D − 3)x(1− x)
)
−m2Q
(D − 1)
(D − 3)
]
 ,
(39)
Γ
(−)
QQ(qq¯ state) =
−ig2
(4pi)
D
2
Γ
(
3− D
2
)
2N
mQ
√−t(5−D)
(D − 3)
∫ 1
0
dx
(m2Q − x(1− x)t)3−
D
2
.
(40)
We expect that for massless quarks only the helicity conserving part of the vertex
survives and in fact in this case eq.s (39) and (40) reduce to
Γ
(+)
QQ(qq¯ state)|mq=0 =
g2
(4pi)
D
2
(−t)D2 −2

− 2Γ
(
2− D
2
)
nf
Γ2
(
D
2
)
Γ(D)
+
Γ
(
3− D
2
)
2N
Γ2
(
D
2
− 1
)
Γ(D − 2)

2 + D
2
(
D
2
− 2
)2



 , (41)
Γ
(−)
QQ(qq¯ state)|mq=0 = 0 . (42)
Here nf is the number of quark flavours.
2.2. Contribution of the two gluon intermediate state
Now let us consider the contribution of two gluon intermediate state in the t-
channel to the QQR vertex. The general lines of the consideration are the same
as before, but now we need to take the quark-gluon scattering amplitude in Born
approximation for the amplitudes AA′C′AC and ACB′C′B in eq.(18). Again, as in the
quark contribution case, we are interested only in parts of the amplitudes which
correspond to the octet colour state in the t-channel, because our reggeon is the
reggeized gluon. Moreover, we need to keep only the F-type colour octet for in-
termediate gluons, because only this colour state survives in the Regge asymptotic
regime. Consequently the asymptotic contribution A(as) in the decomposition (24)
can contain only this colour state, which is, therefore, the only state that contributes
to the essential diagrams in Fig.s 3(a, b, c).
This part of the quark-gluon scattering amplitude AA′C′AC can be written as (cf.
ref.[5])
(A8)A
′C′
AC =
(−g2)
2
u¯(pA′)
{
6eC
6pA − 6pC′ +mA
u2A −m2A
6e∗C′ − 6e∗C′
6pA + 6pC +mA
s2A −m2A
6eC
10
+
2
t
[( 6pC + 6pC′)e∗C′ · eC + 2 6eC(e∗C′ · q)− 2 6e∗C′(eC · q]
}
u(pA) . (43)
In contrast with ref. [5], here gluons are intermediate particles, so that we do not
fix their gauge. Instead we write the asymptotic parts of the amplitudes in a form
similar to the one used in ref. [4] for the gluon-gluon scattering amplitude. The
possibility of such a choice comes from the fact that the high energy behaviour of
both amplitudes is determined by the t-channel exchange of a gluon which reggeizes.
In the helicity basis (see eq.(27)) we have
(
A8(as)
)A′C′
AC
= g2δλA,λA′e
∗σ′
C′ e
σ
CΓσσ′ (pC , pC′, pA) , (44)
(
A8(as)
)CB′
C′B
= g2δλB ,λB′e
∗σ
C e
σ′
C′Γσ′σ (pC′ , pC , pB) , (45)
with
Γσσ
′
(pC , pC′, pA) = −gσσ′ (sA − uA)
t
− 2
(
2
t
+
1
sA −m2A
)
pσAq
σ′
+ 2
(
2
t
+
1
uA −m2A
)
pσ
′
A q
σ + 2
(
1
sA −m2A
− 1
uA −m2A
)
pσAp
σ′
A (46)
and
q = pC′ − pC , sA = (pA + pC)2 , uA = (pA − pC′)2 . (47)
It is worth to note that the tensor Γσσ
′
can be considered as the generalization of
the corresponding tensor used in ref. [4], for the gluon-gluon scattering amplitude,
to the case for which p2A = p
2
A′ = m
2
A 6= 0.
In correspondence to the form we choose for the asymptotic term, the nonasymp-
totic contribution A(na), taking into account eq.(27), becomes
(
A8(na)
)A′C′
AC
=
(−g2)
2
e∗σ
′
C′ e
σ
C u¯(pA′)χσσ′(pC , pC′; pA, pB)u(pA) , (48)
(
A8(na)
)CB′
C′B
=
(−g2)
2
e∗σC e
σ′
C′ u¯(pB′)χσ′σ(pC′ , pC; pB, pA)u(pB) , (49)
where
χσσ
′
(pC , pC′; pA, pB) =(
γ̺ − 2 6pBp
̺
A
s
)2gσσ′ (pC + pC′)̺
t
+ 2gσ̺

2qσ′
t
− (pA − q)
σ′
sA −m2A


11
−2gσ′̺
(
2qσ
t
− (pA − q)
σ
uA −m2A
)− γσ 6pCγσ
′
uA −m2A
− γ
σ′ 6pC′γσ
sA −m2A
. (50)
Let us pay attention that the tensor Γσσ′ (pC , pC′, pA) has the following properties
on the mass-shell p2C = p
2
C′ = 0:
Γσσ′ (pC , pC′, pA) p
σ
C = Γσσ′ (pC , pC′, pA) p
σ′
C′ = 0 . (51)
Consequently we can use the Feynman summation over polarization states of inter-
mediate gluons: ∑
λ
e(λ)µ e
∗(λ)
ν = −gµν , (52)
when we calculate the contributions of the diagrams in Fig.s 3(a, b, c), without
introducing the Faddeev-Popov ghosts.
In the case of the diagram in Fig. 3(a) we need to calculate the product of the
asymptotic parts (44) and (45). The essential region of integration in eq.(18) for
large s and fixed t in this case is determined by relations
p2C ∼ p2C′ ∼
sAsB
s
∼ t ; t <∼ sA ∼ uA <∼ s ; t <∼ sB ∼ uB <∼ s . (53)
In this region from eq.(46) we find
Γσσ
′
(pC , pC′, pA) Γσ′σ (pC′, pC , pB) =
(D − 4)
t2
(uA − sA) (uB − sB)
+
4
t2
(sAsB + uAuB) +
16s
t
+ s2
(
1
sA −m2A
− 1
uA −m2A
)(
1
sB −m2B
− 1
uB −m2B
)
+4s
(
1
sA −m2A
+
1
sB −m2B
+
1
uA −m2A
+
1
uB −m2B
)
− 2
(
uB −m2B
sA −m2A
+
sB −m2B
uA −m2A
)
×
(
1− 2m
2
A
t
)
− 2
(
uA −m2A
sB −m2B
+
sA −m2A
uB −m2B
)(
1− 2m
2
B
t
)
. (54)
As to be expected, this expression differs from the corresponding one of ref. [4] only
by mass terms, as well as Γαβ does.
The integrals appearing in eq.(18), after substitution of eq.s (44), (45) and
(54), are presented in Appendix. By means of these integrals one can give the
contribution of the diagram in Fig. 3(a) the following form:
(
A8(a)
)A′B′
AB
=
Ng4
(4pi)
D
2
δλA,λA′δλB ,λB′
2s
t
[
a(s, t) + ∆a(m2A, t) + ∆a(m
2
B , t)
]
. (55)
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Here a(t) is the contribution for the massless case (it is the same as in ref.[4]):
a(t) =
Γ
(
2− D
2
)
Γ2
(
D
2
− 1
)
(−t)2−D2 Γ(D − 2)
{
(D − 3)
[
ln
(−s
−t
)
+ ln
(−u
−t
)
+2ψ
(
3− D
2
)
− 4ψ
(
D
2
− 2
)
+ 2ψ(1)
]
+
1
2(D − 1) −
4
D − 4 −
9
2
}
, (56)
where ψ(z) is defined in eq.(11), while ∆a(m2, t) is mass dependent and becomes
zero at m = 0:
∆a(m2, t) = Γ
(
3− D
2
) ∫ 1
0
∫ 1
0
dx1dx2θ(1− x1 − x2)

t (1− x1)2
x1

 1
(x21m
2 − x2(1− x1 − x2)t)3−
D
2
− 1
((−t) (1− x1 − x2))3−
D
2


− 2m
2x1
(x21m
2 − x2 (1− x1 − x2t))3−
D
2

 . (57)
The essential point in eq.(50) is the separation of dependences onmA and mB. Such
separation is a vital necessity for the interpretation of the amplitude in terms of
the Regge pole contribution (see eq.(6)).
Let us evaluate the contribution of the diagram in Fig. 3(b). It is expressed in
terms of the integral (18), where we need to use the amplitudes (44) and (49). The
essential region of integration in eq.(18) for this case is
p2C ∼ p2C′ ∼ sB ∼ uB ∼ t, sA ∼ uA ∼ s. (58)
In this region from (46) and (50) we obtain
Γσσ
′
(pC , p
′
C , pA)u¯(p
′
B)χσ′σ(pC′ , pC ; pB, pA)u(pB) =
u¯(p′B)
{
sA − uA
t
[
2
sB −m2B
(
mB −
(
2m2B − t
) 6pA
s
)
− 2
uB −m2B
(
mB −
(
2m2B − t
) 6pA
s
)
− (D − 2)
( 6pC′
uB −m2B
+
6pC
sB −m2B
)]
+
4
t
[ 6q 6pC′ 6pA − 6pA 6pC′ 6q
uB −m2B
+
6pA 6pC 6q − 6q 6pC 6pA
sB −m2B
]}
. (59)
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An important property of this expression is its independence on mA. Remembering
that the tensors Γσσ
′
(pC , pC′, pA) for the cases when the particles A and A
′ are
gluons or quarks differ only by mass terms, we conclude that the contribution of
diagram in Fig. 3(b) does not depend on the nature of particles A,A′ if it is written
in the helicity state basis for these particles. With the help of the Appendix,
where integrals appearing in eq.(18) after substituting eq.s (44), (49) and (59) are
calculated, and using the relation
u¯ (pB′) ( 6q 6pB 6pA − 6pA 6pB 6q) u (pB) = u¯ (pB′)
[(
t− 4m2B
)
6pA + 2smB
]
u (pB) , (60)
which is a result of a simple algebra, we obtain for this contribution
(
A
(b)
8
)BB′
AA′
= δλA,λA′
2s
t
g4NΓ
(
3− D
2
)
(4pi)
D
2
u¯(pB′)
∫ 1
0
∫ 1
0
dx1dx2θ (1− x1 − x2)
(x21m
2
B − x2(1− x1 − x2)t)3−
D
2
[ 6pA
s
(
−2m2Bx1 −
D − 2
D − 4
(
m2Bx
2
1 − x2 (1− x1 − x2) t
))
+mB
(
x1 −
(
D
2
− 1
)
x21
)]
u(pB) . (61)
The contribution of the diagram in Fig. 3(c) can be obtained from eq.(61) by the
substitution A↔ B, A′ ↔ B′. The total contribution of the two gluon intermediate
state in the t-channel to the asymptotic of the quark-quark scattering amplitude
with the octet color state and negative signature in the t-channel is given by the
sum A(a) + A(b) + A(c). Comparing it with representation (6) we are once more
convinced that Regge trajectory ω in the lowest order is given by eq.(5) and find
the two gluon intermediate state contribution to the quark-quark-reggeon vertex.
For the helicity conserving part of this contribution (see eq.(8)), performing the
decomposition
Γ
(+)
QQ = Γ
(+)
QQ |mQ=0 +∆Γ(+)QQ , (62)
with the help of eq.s (27) and (37) we obtain
Γ
(+)
QQ (gg state) |mQ=0=
g2N
(4pi)
D
2
Γ
(
2− D
2
)
Γ2
(
D
2
− 1
)
(−t)2−D2 Γ (D − 2)
[
(D − 3)
(
ψ
(
3− D
2
)
−2ψ
(
D
2
− 2
)
+ ψ (1)
)
+
1
4 (D − 1) −
2
D − 4 −
7
4
]
, (63)
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and
∆Γ
(+)
QQ (gg state) =
g2N
(4pi)
D
2
Γ
(
3− D
2
)∫ 1
0
∫ 1
0
dx1dx2θ (1− x1 − x2)

t
(
(1− x1)2
x1
+
(D − 2)
(D − 4)x2 (1− x1 − x2)
) 1(
x21m
2
Q − x2 (1− x1 − x2) t
)3−D
2
− 1
(−x2 (1− x1 − x2) t)3−
D
2

− m
2
Q
(
2x1 + (D − 2)(D − 3) x
2
1
D−4
)
(
x21m
2
Q − x2 (1− x1 − x2) t
)3−D
2

 . (64)
For the helicity non-conserving part we have
Γ
(−)
QQ (gg state) = −i
g2N
(4pi)
D
2
Γ
(
3− D
2
)
mQ
√−t
×
∫ 1
0
∫ 1
0
dx1dx2θ (1− x1 − x2)(
x21m
2
Q − x2 (1− x1 − x2) t
)3−D
2
(
x1 −
(
D
2
− 1
)
x21
)
. (65)
It vanishes in the zero mass limit, as it should do.
2.3. Renormalization of the QQR vertex
It was explained at the beginning of this section that we can add a term with
the pole structure in t to the r.h.s. of eq.(18) without changing the t-channel
discontinuity and without spoiling the renormalizability of the theory. That means
we can add an expression which is equal to the Born amplitude with some constant
coefficient. In principle, we could put on the helicity conserving part of the QQR
vertex some condition (of the type of Γ
(+)
QQ |t=−µ2= 0 which would be a definition of
the renormalized coupling constant. But it is useful to have a possibility to express
theQQR vertex in terms of the coupling constant in commonly used renormalization
schemes, such as the MS scheme. In order to have such a possibility we need to
connect our results to those which are obtained by the usual approach, in terms
of Feynman diagrams. In the diagrammatic approach the terms under discussion
may come from quark-gluon vertices and gluon polarization operator at t = 0 and
from self-energy insertions into external quark legs. It is easy to observe that the
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first two contributions in Feynman gauge 1are taken into account properly in eq.s
(32), (34) and (55), (61). So, we need only to consider the self-energy insertions
into external quark legs. It means, that in the one loop approximation we need to
add to the helicity conserving part of the QQR vertex the value
Γ
(+)
QQ(self − energy) = −
∂Σ( 6p)
∂ 6p |6p=mQ , (66)
where Σ( 6p) is the mass operator of the quark:
Σ( 6p) = −g2 (N
2 − 1)
2N
∫
dDk
(2pi)Di
γµ ( 6p− 6k +mQ) γµ
(k2 + iε)
(
(p− k)2 −m2Q + iε
) . (67)
An elementary calculation gives
Γ
(+)
QQ(self − energy) = g2
(N2 − 1)
2N
Γ
(
2− D
2
)
(4pi)
D
2
mD−4Q
(
1−D
D − 3
)
. (68)
The total one loop correction to the helicity conserving part of the QQR vertex
is given by the sum
Γ
(+)
QQ = Γ
(+)
QQ(qq¯ state) + Γ
(+)
QQ(gg state) + Γ
(+)
QQ(self − energy) , (69)
where the first term in the r.h.s. is given by eq.(39), the second by eq.(62) and the
third by eq.(68). For the helicity non conserving part we have only contributions
of the first two types, which are given by eq.s (40) and (65) correspondingly.
In all the above formulas we used the nonrenormalized coupling constant g.
Therefore expression (69) for D → 4 contains singularities coming from ultraviolet
as well as infrared divergences of Feynman integrals. Let us note here that the he-
licity non conserving part of the vertex does not contain the ultraviolet divergences.
We can remove the ultraviolet divergences expressing g in terms of the renormalized
coupling constant, for example, in the MS scheme:
g = gµµ
4−D
2

1 +
(
11
3
N − 2
3
nf
)
g2µ
(4pi)
D
2 (D − 4)
[
1 +
D − 4
2
(
ln
1
4pi
− ψ(1)
)]
+ · · ·

 ,
(70)
1One can wonder why Feynman gauge did appear here, while we used gauge invariant am-
plitudes and were talking about calculations without introducing the Faddev-Popov ghosts. The
matter is, the gauge invariance used (see for example eq.(51)) is held on the mass shell only and
has no relation to the terms under consideration.
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where gµ is the renormalized coupling constant at the normalization point µ and
ψ(z) has been already defined (see eq.(11)).
3. Check of the approach consistency
Now we have both the gluon-gluon-reggeon vertex ΓRGG and quark-quark-reggeon
vertex ΓRQQ in the one loop approximation. The first of them was calculated by
using the gluon-gluon scattering amplitude as a tool, and the second via the quark-
quark scattering amplitude. The process of quark-gluon scattering has not been
considered up to now. But the reggeon contribution to this amplitude (see eq.(6))
is expressed in terms of theGGR vertices andQQR vertices and the gluon trajectory
1+ω (t), which is given in the one loop approximation by the formula (5). It allows
us to check the validity of representation (6) for the high energy behavior of the
amplitudes with gluon quantum numbers in the t-channel and negative signature.
It can be done by calculating the quark-gluon scattering amplitude and com-
paring the results of calculation with the expression given by formula (6) in terms
of known trajectory 1 + ω (t) and vertices ΓRQQ and Γ
R
GG. But really we need not to
perform any new calculation. The method of calculations used for gluon-gluon and
quark-quark scattering amplitudes allows us to check the validity of the expression
(6) simply by keeping an eye on the calculations we performed. Our starting point
in calculating any amplitude is eq.(18). In each case we have two gluon and quark-
antiquark intermediate states in the t-channel. An essential step in the calculation
is the decomposition of the amplitude entering in the integrand of eq.(18) into the
sum (24) (see Fig. 2) of asymptotic and non asymptotic parts. An important
fact is that a product of non asymptotic parts in the integrand in eq.(18) cannot
give a contribution of order s to an amplitude with gluon quantum numbers in the
t-channel and negative signature which we are interested in, so we are left with
contributions presented schematically in Fig. 3(a, b, c).
The next important fact is that the asymptotic parts of the amplitudes
(
A
(as)
8
)A′C′
AC
and
(
A
(as)
8
)B′C′
BC′
can be chosen in a factorized form. Of course, this fact is strictly
related to the case in which the high energy behaviour of the amplitudes is deter-
mined by gluon exchange in the t-channel. We choose the asymptotic parts for the
case of quark-antiquark intermediate state (CC ′) in the t-channel in the following
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form: (
A
(as)
8
)A′C′
AC
=
2g2
t
δλAλA′ u¯ (pC′) 6pAu (pC) (71)
in the helicity basis for particles A and A′, independently of what they are: gluons
(see eq.s (17), (13) of Ref.[5]) or quarks (see eq.s (25) and (27) of this paper).
Therefore, in this intermediate channel the contribution of the diagram in Fig. 3(a)
does not depend on the kind of particles A,A′ and B,B′ (see eq.(32)). For the
same reason the contribution of the diagram in Fig. 3(b) (Fig. 3(c)) depends only
on the kind of the particles B,B′ (A,A′). Taking into account that these diagrams
contribute only to the vertices ΓRBB′ and Γ
R
AA′ correspondingly, we conclude that
the contribution of the quark-antiquark intermediate state in the t-channel to an
amplitude of any of the processes under consideration can be put in the form of
eq.(6), where the vertices ΓRAA′ (Γ
R
BB′) do not depend on the kind of particles B,B
′
(A,A′).
For the case of the two gluon intermediate state the conclusion is the same,
although the properties of the asymptotic contributions are slightly changed. We
choose these contributions in the form of eq.s (44)-(46) and here the dependence on
the kind of the particles A,A′ (B,B′) enters through the masses of these particles2.
Of course in the Regge asymptotic limit for the amplitude AAC
′
AC (A
B′C
BC′), that means
for sA ∼ uA ≫ t (sB ∼ uB ≫ t), this dependence becomes negligible, but we
need to integrate over sA (uA) in eq. (18). Therefore we choose these asymptotic
contributions in such a form, which conserve the analytic properties of the exact
amplitudes.
An essential property of asymptotic parts (44) and (45)) is that the contribution
of the diagram in Fig. 3(a), being calculated in terms of these parts, is presented in
the form of eq.(55), where the dependences on the massesmA andmB are separated.
Therefore, all the dependence on the kind of particles A,A′ (B,B′) coming from
this contribution is included into the vertices ΓRAA′ (Γ
R
BB′). The same is true for
the case of the contributions of the diagrams in Fig. 3(b, c) as well, because the
contribution of the diagram in Fig. 3(b) (Fig. 3(c)) depends only on the kind
of particles B,B′ (A,A′) (see eq.(61)), just as in the case of the quark-antiquark
intermediate state. Consequently we come to the same conclusion as for this case.
Since the contributions of the quark-antiquark and two gluons intermediate states
2Let us note, that, on the contrary, the dependence on p2
A
= m2
A
is negligible in eq.(66)
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enter into the PPR-vertices additively, it means that the high energy behaviour of
all QCD elastic scattering amplitudes with gluon quantum numbers in the t-channel
and negative signature are presented by the Regge pole contribution (6).
4. Conclusions
We calculated one loop corrections to the quark-quark-reggeon vertex in the
QCD, where the reggeon is a reggeized gluon. Taking into account this vertex
together with the gluon-gluon-reggeon vertex calculated before, we get Regge pole
contributions to gluon and quark elastic scattering processes. Since non-logarithmic
terms of these contributions to the amplitudes of the three processes (gluon-gluon,
quark-quark and quark-gluon elastic scattering) are expressed in terms of the two
vertices, these amplitudes have to satisfy non trivial relations if the Regge pole only
contributes to large s behaviour of the amplitudes with gluon quantum numbers
and negative signature in the t-channel. We have checked that these relations are
fulfilled, i.e. the representation (6) of these amplitudes in terms of the Regge pole
contribution is applicable beyond the leading logarithmic approximation (LLA) for
the Regge region. The results obtained are needed for the next step in the calcu-
lation program [2] for corrections to the LLA: calculation of two loop corrections
to the gluon Regge trajectory. In the two loop approximation a part of corrections
to the trajectory comes from two particle intermediate states in the two channels.
The calculation of this part can be performed by using the presented results. It will
be done in a subsequent publication.
Appendix
For the reader’s convenience, here we are presenting the Feynman integrals ap-
pearing in eq.(18).
Let us first consider the case of quark-antiquark intermediate state. Calculating
the contribution of the diagram in Fig.3(a) we meet the followings integrals:
IQ2 = −i
∫
dDp
(p2 −m2 + iε) ((p+ q)2 −m2 + iε) =
19
pi
D
2 Γ
(
2− D
2
) ∫ 1
0
dx
(m2 − x(1 − x)t)2−D2
, (A.1)
I
µ
Q2 = −i
∫
dDp (−pµ)
(p2 −m2 + iε) ((p+ q)2 −m2 + iε) =
qµ
2
IQ2 , (A.2)
I
µν
Q2 = −i
∫
dDppµpν
(p2 −m2 + iε) ((p+ q)2 −m2 + iε) =
pi
D
2 Γ
(
2− D
2
) ∫ 1
0
dx
(m2 − x(1− x)t)2−D2
[
qµqνx2 − g
µν (m2 − x(1− x)t)
2−D
]
. (A.3)
Here and below q = pA − pA′ = pB′ − pB , t = q2 .
For massless quarks the integrals (A.1)-(A.3) become the corresponding integrals
presented in [4]:
IQ2|m=0 = I2 = piD2 (−t)D2 −2
Γ
(
2− D
2
)
Γ2
(
D
2
− 1
)
Γ(D − 2) , (A.4)
I
µ
Q2|m=0 = Iµ2 =
qµ
2
I2 , (A.5)
I
µν
Q2|m=0 = Iµν2 = [−gµνt+ qµqνD]
I2
4(D − 1) . (A.6)
To obtain the contribution of the diagram in Fig.3(b) we need the following
integrals:
IQ3B = −i
∫
dDp
(p2 −m2 + iε) ((p+ q)2 −m2 + iε) ((pB − p) + iε) =
− piD2 Γ
(
3− D
2
) ∫ 1
0
∫ 1
0
dρ2
RQ3
3−D
2
, (A.7)
where
dρ2 = dx1dx2θ(1 − x1 − x2) ,
RQ3 = m
2(x1 + x2)
2 − x1x2t . (A.8)
Making the substitution
x1 = u(1− x) , x2 = ux
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we easily perform the integration over u arriving to
IQ3B = pi
D
2
Γ
(
2− D
2
)
2
∫ 1
0
dx
(m2 − x(1− x)t)3−D2
. (A.9)
Applying the same procedure, we find
I
µ
Q3B = −i
∫
dDppµ
(p2 −m2 + iε) ((p+ q)2 −m2 + iε) ((pB − p) + iε) =
−piD2 Γ
(
3− D
2
) ∫ 1
0
∫ 1
0
dρ2
R
3−D
2
Q3
((1− x1 − x2)pµB − x2qµ) =
pi
D
2
Γ
(
2− D
2
)
2(D − 3)
∫ 1
0
dx
(m2 − x(1− x)t)3−D2
[pµB − (D − 4)xqµ] (A.10)
and
I
µν
Q3B = −i
∫
dDppµpν
(p2 −m2 + iε) ((p+ q)2 −m2 + iε) ((pB − p) + iε) =
−piD2 Γ
(
3− D
2
) ∫ 1
0
∫ 1
0
dρ2
R
3−D
2
Q3
[
((1− x1 − x2)pµB − x2qµ)
× ((1− x1 − x2)pνB − x2qν)−
gµνRQ3
4−D
]
=
pi
D
2 Γ
(
2− D
2
)
2(D − 2)(D − 3)
∫ 1
0
dx
(m2 − x(1 − x)t)3−D2
[
2pµBp
ν
B − (D − 4)x (pµBqν + qµpνB)
+(D − 4)(D − 3)x2qµqν + (D − 3)gµν
(
m2 − x(1− x)t
)]
. (A.11)
In the massless case we have
IQ3B|m=0 = I3B = −2
(
D − 3
D − 4
)
I2
t
, (A.12)
I
µ
Q3B|m=0 = Iµ3B =
(
qµ − 2p
µ
B
D − 4
)
I2
t
, (A.13)
I
µν
Q3B|m=0 = Iµν3B =[
1
(D − 2)
(
1
2
gµν +
p
µ
Bq
ν + pνBq
µ
t
)
− q
µqν
2t
− 4p
µ
Bp
ν
B
(D − 2)(D − 4)t
]
I2 . (A.14)
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Let us now consider the case of two gluon intermediate state. To get the con-
tribution of the diagram in Fig. 3(a), besides the integrals I2 (A.4), I
µ
2 (A.5) and
I
µν
2 (A.6) we need
IG3B = −i
∫
dDk
(k2 + iε) ((k + q)2 + iε) ((pB − k)2 −m2 + iε) =
− piD2 Γ
(
3− D
2
)∫ 1
0
∫ 1
0
dρ2
RG3
3−D
2
, (A.15)
where
RG3 = m
2x21 − x2(1− x1 − x2)t , (A.16)
I
µ
G3B = −i
∫
dDkkµ
(k2 + iε) ((k + q)2 + iε) ((pB − k)2 −m2 + iε) =
− piD2 Γ
(
3− D
2
)∫ 1
0
∫ 1
0
dρ2
R
3−D
2
G3
(x1p
µ
B − x2qµ) , (A.17)
I
µν
G3B = −i
∫
dDkkµkν
(k2 + iε) ((k + q)2 + iε) ((pB − k)2 −m2 + iε) =
− piD2 Γ
(
3− D
2
)∫ 1
0
∫ 1
0
dρ2
R
3−D
2
G3
[
(x1p
µ
B − x2qµ) (x1pνB − x2qν)−
gµν
4−DRG3
]
,
(A.18)
and integrals IG3A, I
µ
G3A and I
µν
G3A which are obtained from eq.s (A.15)− (A18) by
replacing respectively pB and q with pA and −q. In the zero mass limit we have
IG3B|m=0 = I3B , IµG3B|m=0 = Iµ3B , IµνG3B|m=0 = Iµν3B , (A.19)
where I3B, I
µ
3B and I
µν
3B are given by formulas (A.12) − (A.14). The calculation of
all the integrals above listed is quite straightforward.
We also have to consider the following more complicated integral:
IG✷ =
− i
∫
dDk
(k2 + iε) ((k + q)2 + iε) ((k + pA)2 −m2A + iε) ((k − pB)2 −m2B + iε)
;
(A.20)
fortunately, we need only its asymptotic behaviour at
s = (pA + pB)
2 ≫ −t ∼ m2A ∼ m2B .
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We describe its calculation with some details. After integration over k with the
help of the usual Feynman parametrization we obtain
IG✷ = pi
D
2 Γ
(
4− D
2
)∫ 1
0
∫ 1
0
∫ 1
0
dx1dx2dx3θ(1− x1 − x2 − x3)
RG4
4−D
2
, (A.21)
where
RG4 = −x1x2s− x3(1− x1 − x2 − x3)t+ (x1 + x2)
(
(x1m
2
A + x2m
2
B
)
. (A.22)
Let us introduce new variables through relations
x1 = zu , x2 = (1− z)u , x3 = x . (A.23)
In terms of these variables we have
RG4 = −z(1 − z)u2s− x(1 − x− u)t+ u2
(
zm2A + (1− z)m2B
)
. (A.24)
Dividing the region of integration over z into three subregions:
∫ 1
0
dz =
∫ δ
0
dz +
∫ 1−δ
δ
dz +
∫ 1
1−δ
dz , (A.25)
where
1≫ δ ≫ |t|
s
∼ m
2
A
s
∼ m
2
B
s
,
we can use different approximations for RG4 in each of them:
RG4 ≈ − zu2s− x(1− x− u)t+ u2m2B (A.26)
in the first subregion,
RG4 ≈ − z(1 − z)u2s− x(1− x− u)t (A.27)
in the second and
RG4 ≈ − (1− z)u2s− x(1− x− u)t+ u2m2A (A.28)
in the third. As RG4 depends on m
2
B in the first subregion only and on m
2
A in the
third only, we can write IG✷ as the sum of three terms:
IG✷ ≈ I✷ +△B +△A . (A.29)
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Here I✷ is IG✷ in the massless case, △B is given by
△B ≈ piD2 Γ
(
4− D
2
) ∫ 1
0
udu
∫ 1−u
0
dx
∫ δ
0
dz

 1
(−zu2s− x(1− x− u)t+ u2m2B)4−
D
2
−
1
(−zu2s− x(1− x− u)t)4−D2

 ≈
pi
D
2 Γ
(
3− D
2
)
−s
∫ 1
0
du
u
∫ 1−u
0
dx
×

 1
(−x(1− x− u)t+ u2m2B)3−
D
2
− 1
(−x(1 − x− u)t)3−D2

 , (A.30)
and △A can be obtained from △B by substituting mB with mA. The integral I✷
was calculated in ref. [4]:
I✷ = −2(D − 3)
[
ln
(−s
−t
)
− 2ψ
(
D
2
− 2
)
+ ψ
(
3− D
2
)
+ ψ(1)
]
I2
st
, (A.31)
where ψ(z) = Γ
′(z)
Γ(z)
and I2 is given by eq. (A.4).
Finally, substitution pB ↔ −pB′ = −(pB + q) in eq.(A.20) leads to the last
integral we need: it can be obtained from IG✷ simply by changing s with u ≈ −s.
At last, in calculating the contribution of the diagram in Fig. 3(b) in the case
of two gluon intermediate state we meet again the integrals IG3B, I
µ
G3B and I
µν
G3B,
presented in eq.s (A.15), (A.17) and (A.18) correspondingly.
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Figure Captions
Fig.1: Amplitude of the elastic scattering process A + B → A′ + B′ with two
particle intermediate state in the t-channel.
Fig.2: Decomposition of the elastic scattering amplitude in two parts, respectively
asymptotic and non asymptotic.
Fig.3: Contributions to the amplitude of Fig. 1, coming from the product of
(a) asymptotic-asymptotic parts, (b) asymptotic-nonasymptotic parts, (c)
nonasymptotic-asymptotic parts and (d) nonasymptotic-nonasymptotic parts.
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